Application No.: 10/026,578 
Applicant: SCHMIDT 
Filed: December 17, 2001 
Page 2 of 27 

Amendments to the Specification 

Please add the following new heading and paragraph before the paragraph beginning at 
page 1, line 4: 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to PCT Application No. PCT/EPOl/11846, filed October 
12, 2001, and to German Application No. 10113776.1, filed March 21, 2001. 

Please replace the paragraph beginning at page 3, line 15 with the following amended 

paragraph: 

US Patent 5,506,121, for example, has disclosed another class of peptide tags having a 
specific binding property for streptavidin as receptor. These peptide tags have been denoted 
Strep tag® STREP-TAG® and are sold worldwide under this name. 

Please replace the paragraph beginning at page 3, line 31 with the following amended 
paragraph: 

Despite the optimization by Schmidt and Skerra (1993) there were still problems in 
particular application formats and/or due to different effects of various fixsion proteins on 
streptavidin binding affinity (Schmidt and Skerra, 1994). hi particular, it turned out that the 
initially most preferred streptavidin-binding peptide having the sequence NH2-Trp-Arg-His-Pro- 
Ghi-Phe-Gly-Gly-COOH (Strop tag®) rSEO ID NO:!) (STREP-TAG®) could be used only on 
the fi-ee C-terminal end of thei recombinant protein fusion partner, since the C-terminal 
carboxylate group formed an ionic interaction with an arginine residue of streptavidin (Schmidt 
et al., 1996). For the more general apphcation, the peptide sequence NH2-Trp-Ser-His-Pro-Gln- 
Phe-Glu-Lys-COOH (Strop tag® II) fSEO ID N0:2) (STREP-TAG® II) proved more suitable, 
since it was possible to utilize this sequence independently of the location on the recombinant 
fiision protein partner. However, the affinity of tiie Stirop tag® Il/otiroptavidin STREP-TAG® 
n/sfa-eptavidin complex was lower than the affinity of the Stirop tag®/sti-optavidin STREP-TAG® 
n/streptavidin complex (Schmidt et al., 1996). 
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Please replace the paragraph beginning at page 4, line 13 with the following amended 
paragraph: 

Therefore, the receptor streptavidin was optunized with respect to better Strop tag® II 
STREP-TAG® n binding. It was possible to generate streptavidin muteins which have distinctly 
higher Strop tag® II STREP-TAG® II affinity and which have been disclosed in US Patent 
6,103,493 and by VoB and Skerra (1997). These streptavidin muteins are commercially available 
under the name Strop Tactin® STREP-TACTIN® . The affinity tag technology based on Sfe^ 
tag Il/Strop Tactin® STREP-TAG® II/STREP-TACTIN® interaction (K^ = approx. 110"^ M, 
VoB and Skerra, 1997) is markedly improved for many practical applications compared with the 
affinity tag technology based on Strop tag®/Gtroptavidin STREP-TAG®/streptavidin interaction 
(Kd = approx. 3.7 10"^ M, Schmidt et al., 1996). Nevertheless, there are still limitations if a 
particularly tight immobilization is desired. This is the case, for example, for the immobilization 
of recombinant Strop tag® II STREP-TAG® II fiision proteins on Strop Tactin® coated STREP- 
TACTIN®-coated microliter plates or on so-called "protein chips" on which the recombinant 
proteins, being immobilized in this standardized manner, are then intended to be analyzed in the 
most complex assay methods or when the recombinant fusion protein which in the extreme 
problem case is present only in very diluted form and is highly contaminated with other host 
proteins is intended to be purified efficiently, in particular in batch format. 

Please replace the paragraph beginning at page 7, line 1 with the following amended 
paragraph: 

An achievement of the invention is therefore the use of streptavidin-binding ditags or 
multitags. This means the sequential arrangement of at least two different or identical 
streptavidin-binding or/and streptavidin mutein-binding modules (epitopes) which can be 
employed as fusion partners of the recombinant target protein. Surprisingly, it is possible by such 
an arrangement to achieve an avidity effect by divalent or multivalent binding of a ditag or 
multitag to a homotetrameric Strop Tactin® STREP-TACTIN® or streptavidin molecule or 
another streptavidin mutein molecule. Such avidity effects have been known so far primarily for 
immunoglobulins, since these can adapt through their flexible hinge region to the steric 
requirements of bivalent binding to two epitopes at the same time. In contrast, the structure of 
tetrameric streptavidin (Weber et al., 1989) is, compared to antibodies, rather stiff and hardly 
flexible. 
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Please replace the paragraph beginning at page 9, line 9 with the following amended 
paragraph: 

Furthermore, the ditag/streptavidin system is particularly interesting, since there is quite a 
number of streptavidin-binding peptides but also of streptavidin muteins and since it is thereby 
possible, by making use of all possible combinations, to generate a particularly wide and yet 
finely subdivided range of binding activities. If, for example, the sequence NH2-Trp-Ser-His- 
Pro-Ghi-Phe-Glu-Lys-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Trp-Ser-His-Pro-Gln-Phe-Glu-L^^ 
COOH (SEP ID N0:3) is used, the fusion protein binds particularly strongly to Str e p Tactin® 
STEP-TACTIN®, in any case more strongly than NHa-Trp-Ser-His-Pro-Ghi-Phe-Glu-Lys-Xaa- 
Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-His-Pro-Gln-Xaa-Xaa-Xaa-COOH (SEP ID N0.4) 
which in tum binds more strongly than NH2-His-Pro-Gln-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa-Xaa- 
Xaa-Xaa-Xaa-Xaa-Xaa-His-Pro-Ghi-CPPH (SEP ID NP:5) . The same peptides again bind 
more poorly to streptavidin. These combination possibilities make it possible to select for any 
intended appUcation the combination which produces an affinity for streptavidin or Str e p 
Tactin® STREP-TACTIN® or to another streptavidin mutein, which is ideally suited to the 
intended use. 

Please replace the paragraph beginning at page 14, line 14 with the following amended 
paragraph: 

At least one of the two individual modules which mediate binding to streptavidin is 
preferably selected fi-om one of the sequences: -His-Pro-, -His-Pro-Gln-, -His-Pro-Gbi-Phe- 
(SEP ID NP:6). -Paa-Xaa-His-Pro-Gln-Phe-Yaa-Zaa- (SEP ID NP:7\ where Paa is Trp, Lys 
or Arg, Xaa is any amino acid and preferably a naturally occurring amino acid and where either 
Yaa and Zaa are both Gly or Yaa is Glu and Zaa is Lys or Arg, -Trp-Xaa-His-Pro-Gln-Phe-Yaa- 
Zaa (SEP ID NP:8), where Xaa is any amino acid and where either Yaa and Zaa are both Gly or 
Yaa is Glu and Zaa is Lys or Arg or -Trp-Ser-His-Pro-Gln-Phe-Glu-Lys (SEPIDNP:9) . 

Please replace the paragraph beginning at page 14, line 29 with the following amended 
paragraph: 
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The peptide of the invention particularly preferably has the sequence Trp-Ser-His-Pro- 
Gln-Phe-Glu-Lys-(Xaa)n-Trp-Ser-His-Pro-Gki-Phe-Glu-Lys (SEP ID NO: 10). where Xaa is any 
amino acid and n is an integer from 5 to 20, in particular from 8 to 12, and the sequence Trp-Ser- 
His-Pro-Gln-Phe-Glu-Lys-(GlyGlyGlySer)n-Trp-Ser-His-Pro-Gln-Phe-Glu-Lys (SEP ID 
NP:11\ where n is an integer from 1 to 5 and preferably 2 or 3. 

Please replace the paragraph beginning at page 15, line 31 with the following amended 
paragraph: 

Particular preference is given to those streptavidin muteins which are described in US 
Patent 6,103,493 and also in DE 196 41 876.3. These streptavidin muteins have at least one 
mutation within the region of amino acid positions 44 to 53, based on the amino acid sequence of 
wild-type streptavidin. Preference is given to muteins of a minimal streptavidin, which start N- 
terminally in the region of amino acids 10 to 16 of wild-type streptavidin and end C-terminally in 
the region of amino acids 133 to 142 of wild-type streptavidin. Examples of such streptavidin 
muteins have a hydrophobic aliphatic amino acid instead of Glu at position 44, any amino acid at 
position 45, a hydrophobic aliphatic amino acid at position 46 or/and a basic amino acid instead 
of Val at position 47. Particular preference is given to streptavidin muteins having the sequence 
Ile-Gly-Ala-Arg (SEP ID NO: 12) or Val-Thr-Ala-Arg (SEP ID NP: 13) at amino acid positions 
44 to 47. 

Please replace the paragraph beginning at page 17, line 7 with the following amended 
paragraph: 

In a fiirther embodiment, the invention refers to a method for detection of a binding event 
between a protein and an analyte that is capable of binding to the protein by use of a biochip or 
biosensor. In this method a biochip/biosensor is used on which surface streptavidin or a 
streptavidin mutein is immobiUzed. The immobilization of streptavidin or the streptavidin mutein 
on the surface of the biosensor can occur by any suitable immobilization method and/or coupling 
chemistry, for example, using the protocol describes by Busch et al. (2000). For one embodiment 
of this method, the mutein known as Strop Tactm® STREP-TACTIN® is preferably used. 
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Please replace the paragraph beginning at page 18, line 26 with the following amended 
paragraph: 

The biosensor can be any conventional biosensor which is used for bioanalytical 
purposes. Examples of such sensors are sensor used for surface plasmon resonance (e.g. 
"Biacor e ® chips'' "BIACORE®-chips" ), silicon chips such as wafers or the E s e nsor® E^ 
SENSOR® of Motorola or glass substrates which are used in multi-array formats in proteomics 
and genomics. 

Please replace the paragraph beginning at page 18, line 33 with the following amended 
paragraph: 

In a further preferred embodiment of this detection method the signal caused by the 
formation of the complex between said protein and the analyte is a surface plasmon resonance 
signal. Accordingly, the biosensor is preferably a so-called Biacore® chip BIACORE®-chip , 
The signal can, however, be also generated by a fluorescence or chromogenic label which is 
conjugated to one of the two complex partners. An advantage of the use of ditag or multitag of 
the present invention in an detection based on biosensors is that the biosensor can easily be 
regenerated. For this purpose, the protein immobilized on the surface of the chip via the ditag or 
multitag disclosed here is simply removed by washing the chip surface with a competitive 
streptavidin or streptavidin mutein ligand such as diaminobiotin and/or desthiobiotin. One such 
regenerated chip can thus be loaded with many different proteins of interest fused to the peptide 
of the invention. Therefore, the invention provides a convenient recyclable chip technology 
platform. 

Please replace the paragraph beginning at page 21, line 33 with the following amended 
paragraph: 

The streptavidin ligand that is used as competitor can also be an isolated peptide of the 
invention, a peptide containing only one streptavidin binding module of the peptide of the 
invention. This competitively binding ligand can also be fusion protein of the invention or a 
peptide or protein comprising one amino acid sequence Trp-X-His-Pro-Gln-Phe-Y-Z (SEP ID 
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N0:7) where X is any amino acid residue and Y and Z are in each case Gly or where Y is Glu 
and Z is Arg or Lys, i.e. a peptide or protein comprising, for example the Strep-Tag sequence. 

Please replace the paragraphs beginning at page 24, Ime 1 and ending at page 27, line 16 
with the following amended paragraphs: 

Figure 1 shows FIGs. lA-lD show the binding of cytochrome b562, red, with various 
affinity tags on Strop Taotin® STREP-TACTIN® Sepharose, where cytochrome b562-ditag 3 
has been appUed on the column denoted "L", cytochrome b562-ditag 2 has been applied on the 
column denoted "M" and cytochrome b562-monotag has been applied on the colunm denoted 

Figure 1.1 FIG. lA shows the binding behavior of the fusion proteins when eluting with 
2 ml of a non-competitive buffer. As Figur e 1.1 FIG. lA shows, the monotag fusion protein is 
aheady washed out of the column under non-competitive conditions, i.e. the band migrates 
downwards, while the two ditag fusion proteins remain stably inmiobilized in the upper part of 
the column. 

Figure L2 FIG. IB shows the binding behavior of the fusion proteins when eluting with 
12 ml of a non-competitive buffer. Whereas here, too, the two ditag variants remain stably 
immobilized in the upper part of the column, the band of the monotag fusion protein has already 
broadened very much and has migrated through the gel. 

Figure 1.3 FIG. IC shows the binding behavior of the fusion proteins when eluting with 
0.5 ml of a competitive buffer containing desthiobiotin. 

Figure 1.1 FIG. ID shows the binding behavior of the fusion proteins when eluting with 
1.5 ml of a competitive buffer containing desthiobiotin. 

As can be seen from Figuros L3 and 1.1 FIGs. IC and ID , the competitive displacement 
rate is nearly identical for all fusion proteins, meaning that under competitive conditions the two 
ditag fusion proteins are displaced from the column with the same efficiency as the monotag 
fusion protein. 

Figure 2.1 FIG. 2A shows the binding of bacterial alkaline phosphatase (BAP) to Str e p 
Taotin STREP-TACTIN® coated wells of a microtitre plate. For example, FIG. 2A shows the 
binding of BAP with C-terminal tag to STREP-TACTIN® coated wells of a microtitre plate. 
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Different amounts of BAP fused to the various tags (mono-tag, di-tag 2, di-tag 3; see example 1 
for sequences) were applied to microtiter plates with cavities that each have been previously 
coated with a constant amount of Strop Taotin STREP-TACTIN® . After 3 washing cycles the 
bound BAP variant was measured by a colorimetric assay for BAP. The amount remaining after 
washing was plotted against the applied amount. Figur e 2.1 FIG. 2A shows that the binding 
yield significantly improved for the di-tag variants versus the mono-tag. 

Figure 2.2 FIG. 2B shows the remaining BAP after an initial incubation of a given 
amount followed by various washing cycles. For example, the left panel of FIG . 2B illustrates 
the remaining BAP after an initial incubation of 500 ne in 200 ul followed bv variou s washing 
cycles, and the right panel of FIG. 2B illustrates the remaining BAP after an initial incubation of 
50 ng in 200 ^I followed bv various washing cvcles. Identical amounts of BAP fiised to the 
various tags (mono-tag, di-tag 2, di-tag 3; see example 1 for sequences) were applied to 
microtitre plates coated with constant amounts of Strop Taotin STREP-TACTIN® . After various 
washing cycles the bound BAP variant was measured by a colorimetric assay for BAP. The 
amount remaining after washing was plotted against the number of washing cycles. It can be 
seen fi-om Figuro 2.2 FIG. 2B that the binding yield significantly improved for the di-tag variants 
versus the mono-tag. 

Figure 3.1 shews -FIG. 3A-1 and FIG. 3A-2 show t he purification of a Green 
Fluorescent Protein (GFP):tag fiision protein on Strop Taotin STREP-TACTIN® coated 
magnetic beads. 

Figure 3.1.1 FIG. 3A-1 shows the yield of GFP-fiised to the mono-tag, or di-tag 2, or di- 
tag 3 after purification with 2 mg magnetic beads coated with Strop Taotin STREP-TACTIN®. 
The yield of GFP was determined and plotted against the initial amount GFP offered m a crude 
lysate. For example. FIG. 3A-1 represents the purification of a GFP:tag fiisi on protein on 2 mg 
STREP-TACTIN® coated beads. 

Figure 3.1.2 FIG. 3A-2 shows the yield of GFP -fiised to the mono-tag, or di-tag 2, or di- 
tag 3- after purification with 4 mg magnetic beads coated with Strep Taotin STREP-TACTIN® . 
The yield of GFP was determined and plotted against the initial amount GFP offered in a crude 
lysate. For example. FIG. 3A-2 represents the purification of a GFPrtag fiision protein on 4 mg 
STREP-TACTIN® coated beads. 
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Figure 3.2 FIG. 3B shows the results of an experiment for testing whether the di-tag 
approach has also advantages for the batch purification of diluted recombinant proteins as it may 
be expected after poor expression. This experiment was performed as follows. 5 ng GFP were 
mixed with different volumes of a crude lysate and the recovery after purification was measured. 
Recovery was plotted against the initial volume lysate with which the 5 ng GFP were diluted. 
For example. FIG. 3B represents the purification of a GFP:t ag fiision protein on 2 mg STREP- 
TACTIN® coated beads. 

Figure 3.3 FIG. 3C s hows an SDS page of purified GFP which is fused to ditag 3 of the 
invention and to a Strep-mono-tag. On lane 1, 0.4 \ig eluted GFP fiised to the mono-tag and on 
lane 2, 1.5 ^g eluted GFP fiised to di-tag 3 were applied. As can be seen, highly pure 
recombinant can be produced, irrespective whether the Strep-mono-tag or di-tag is used. 
However, the di-tag may lead to clearly improved yields. 

Figure 1 shows FIGs. 4A and 4B show B iaeefe BIACQRE® sensorgrams of the binding 
/dissociation behaviour of the mono otrop Tag:otrop taotin mono-strep- Tag:STREP-TACTIN® 
complex and the ditag3:strop Tactin ditae 3:STREP-TACTIN® complex. 

Figure 1.1 FIG. 4A shows a comparison of bacterial alkaline phosphatase (BAP) fiised 
to the mono-tag with BAP fiised to di-tag 3 (see example 1 for tag sequences). The sensorgram 
which had been obtained when BAP fiised to the mono-tag had been appUed at a concentration 
of 0.16 mg/ml is shown as the lower curve and that of BAP fiised to di-tag 3 (0.2 mg/ml) is 
shown as the upper curve. The beginning of the association phase is marked with an arrow 
denoted "1. The change to the dissociation phase is marked with an arrow denoted "2. Start of 
desthiobiotin injection is marked with an arrow denoted "3" and termination of destiiiobiotin 
injection is marked with an arrow denoted "4. Sensorgrams have not been corrected for RU 
changes induced by interaction between buffer component with the chip surface. 

Figure i>2 FIG. 4B shows the comparison of GFP fiised to the mono-tag with GFP fiised 
to di-tag3 (see example 1 for tag sequences). The sensorgram which had been obtained when 
GFP fiised to the mono-tag had been applied at a concentration of 0.44 mg/ml is shown as the 
lower curve and that of BAP fiised to di-tag 3 (0.39 mg/ml) is shown as the upper curve. The 
beginning of the association phase is marked with an arrow denoted "1". The change to the 
dissociation phase is marked with an arrow denoted "2". Start of desthiobiotin injection is 
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marked with an arrow denoted "3"and termination of desthiobiotin injection is marked with an 
arrow denoted "4. Sensorgrams have not been corrected for RU changes induced by interaction 
between buffer component with the chip surface. 

Please replace the paragraph beginning at page 27, line 22 with the following amended 
paragraph: 

Binding of cytochrome b562 with various affinity tags to Strep Tactin STREP- 
TACTIN® Sepharose 

Please replace the paragraph beginning at page 27, line 25 with the following amended 
paragraph: 

E. coli cytochrome b562, red, with C-terminal Strop tag® STREP-TAG® is known to 
bind particularly poorly to immobilized streptavidin in comparison with other Strep tag® 
STREP-TAG® fusion proteins (Schmidt and Skerra, 1994). 

Please replace the paragraph beginning at page 27, line 30 with the following amended 
paragraph: 

In this experiment, binding of cytochrome b562, with various affinity tags at the C 
terminus (ditag 3; ditag 2; monotag), to 3 columns (L, M, R) with identical Strop Tactin® 
STREP-TACTIN® Sepharose material was compared: 

L (ditag 3): Cytochrome bS62- WSHPOFEK GGGSGGGSGGGS WSHPOFEK -COOH (SEP 
IDN0:14) 

M (ditag 2): Cytochrome b562- WSHPOFEK GGGSGGGS WSHPOFEK -COOH (SEP ID 
NP:15) 

R (monotag): Cytochrome b562-WSHPQFEK-CCPH (SEP ID NP:2) 
(The underlined areas are the streptavidin-binding modules) 



Please replace the paragraphs beginning at page 28, line 4 and ending at page 28, line 36 
with the following amended paragraphs: 
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Defined purified amounts of the 3 different fusion proteins (700 ^ig with ditag 3; 800 ^ig 
with ditag 2; 950 ^g with monotag) were loaded onto a Strop Tootin® STREP-TACTIN® 
Sepharose column with a bed volume of 2 ml and a biotin binding capacity of approx. 350 nmol 
per ml. After the protein solution had completely passed into the column, the latter was washed 
with buffer W (100 mM Tris-HCl pH 8.0; 150 mM NaCl) (non-competitive conditions). FiguF© 
1.1 and Figure 1.2 FIG. lA and FIG. IB show the location of the fusion protein after application 
of 2 ml and 12 ml of buffer W, respectively. It is clearly visible that the cytochrome b562- 
monotag fusion protein is akeady washed out of the column under non-competitive conditions 
and has akeady been removed completely firom the upper part, while the two ditag variants 
remain comparatively stably immobiHzed in the upper part of the column. This finding leads to 
the immediate conclusion that it is possible to purify significantly larger amounts of cytochrome 
b562-ditag fusion protein on the same amount of identical column material. After washing with 
12 ml of buffer W, the column was treated with buffer E (100 mM Tris-HCl pH 8.0; 150 mM 
NaCl; 2.5 mM desthiobiotin) (competitive conditions). Figuroo 1.3 and 1.^ FIGs. IC and ID 
show the location of the fusion protein after 0.5 and 1.5 ml of buffer E, respectively. The 
competitive displacement rate is nearly identical for all variants. This means that the two ditag 
fusion proteins in this chromatography experiment are displaced Scorn the Strep Taotin® STREP- 
TACTIN® Sepharose column under competitive conditions with die same efficiency as the 
monotag fusion protein. 

As can be seen from Figures 1.3 and lA FIGs. IC and ID. tiie competitive displacement 
rate is nearly identical for all fusion proteins, meaning that under competitive conditions the two 
ditag fiision proteins are displaced from the column with the same efficiency as the monotag 
fusion protein. 

Please replace the paragraph beginning at page 29, Une 3 witii the following amended 
paragraph: 

Immobilization of E. coli alkaline phosphatase (BAP) with C-terminal tags on Str^ 
Taotin STREP-TACTIN® coated wells of a microtiter plate: 
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Please replace the paragraphs beginning at page 29, line 10 and ending at page 29, line 32 
with the following amended paragraphs: 

Various amounts of BAP fusion protein were diluted ad 200 \il with 25 mM Tris-HCl pH 
7.8, 140 mM NaCl, 1 mM MgCl2, 0.5 mM ZnCh, 0.25 % w/v BSA and apphed to microtiter 
plates (MTP) containing wells that were coated with Strop Tactin STREP-TACTIN® . Then, the 
MTP's were incubated for 1 h at ambient temperature under shaking. After the binding step, each 
well was washed three times with 300 ^1 25 mM Tris-HCl pH 7.5, 140 mM NaCl/0.1 % v/v 
Twoon 20 TWEEN-20 (TBS/Tween). Finally, bound BAP was detected by the addition of 2 
mg/ml p-nitrophenylphosphate (p-NPP) and absorbance was monitored at 450 nm. The 
chromogenic reaction was performed in 200 ^il 50 mM Tris-HCl pH 9.0, 140 mM NaCl, 5 mM 
MgCl2. Quantification was performed by comparing the signals to a calibration curve that was 
achieved under the same conditions on the same plate in parallel, each calibration curve being 
determined for each BAP:tag fusion separately with known BAP amounts. 

As shown in Figur e 2.1 FIG. 2A . while half maximal binding (1 13 ng BAP) had aheady 
been reached for the di-tag fusions at an initial concentration of arovmd 250 ng enzyme in 200 ^1, 
an initial amount of 8000 ng enzyme was necessary for getting the same binding with the mono- 
tag fusion protein under the same conditions. 

Please replace the paragraphs beginning at page 30, line 3 and ending at page 30, line 26 
with the following amended paragraphs: 

50 or 500 ng BAP were diluted ad 200 ^il with 25 mM Tris-HCl pH 7.8, 140 mM NaCl, 1 
mM MgCl2, 0.5 mM ZnCh, 0.25 % w/v BSA and applied to microtiter plates (MTP) containing 
wells that were coated with Strep Tactin STREP-TACTIN® . Then, MTP's were incubated for 1 
h at ambient temperature under shaking. After the binding step, each well was washed various 
times with 300 ^il 25 mM Tris-HCl pH 7.5, 140 mM NaCl/0.1 % v/v Twoon 20 TWEEN-20 
(TBS/Tween). Finally, bound BAP was detected by performing a chromogenic reaction in each 
well by applying 200 ^1 50 mM Tris-HCl pH 9.0, 140 mM NaCl, 5 mM MgCh, 2 mg/ml p- 
nitrophenylphosphate (p-NPP). Quantification of bound BAP was performed by comparing the 
signals to a calibration ciurve that was achieved under the same conditions on the same plate in 
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parallel, each calibration curve being determined for each BAP:tag fusion separately with known 
BAP amounts. 

While the immobilized amoxmt of BAP remained essentially unchanged for the di-tag 
fusions, irrespective of the number of washing cycles, around 40 % BAP fused to the mono-tag 
was washed off from washing cycle 2 to washing cycle 10 under the washing conditions applied 
(see Figur e 2.2 FIG. 2B ). Moreover, the absolute amount of enzyme that could be bound under 
these conditions was about 4 times higher for the di-tags in comparison to the mono-tag. 

Please replace the paragraph beginning at page 30, line 29 with the following amended 
paragraph: 

Batch purification of wild-type green fluorescent protein (GFP) with C-terminal tags by 
Str e p Tactin STREP-TACTIN® coated magnetic beads: 

Please replace paragraphs beginning at page 31, line 3 and ending at page 31, line 25 with 
the following amended paragraphs: 

Str e p Tactin STREP-TACTIN® was covalently coupled to magnetic beads (1 \xm 
diameter) at approximately 35 lig Strep Tactin STREP-TACTIN® per mg beads. 100 mg of the 
resulting beads were washed 2 times in 4 ml TBS/Tween, 2 times in 100 mM phosphate pH 7.7, 
0.5 M NaCl. Finally, 2 ml 50 mM Tris-HCl pH 7.7, 200 mM NaCl, 5 mM EDTA (= buffer W2) 
was added to the beads and a final volume of 2.4 ml resulted which was approximately 
equivalent to a 4 % (w/v) suspension. 50 or 100 jil aliquots of that suspension (corresponding to 
2 or 4 mg Str e p Tactin STREP-TACTIN® coated beads) were distributed on reaction vessels 
and the supematant was discarded. Different amounts green fluorescent protein (GFP) were 
diluted ad 100 \il with a bacterial crude lysate prepared in buffer W2 and the spiked solution was 
mixed with 2 or 4 mg Strep Tactin STREP-TACTIN® coated magnetic beads. The mixture was 
incubated at ambient temperature for 45 min. Then, the beads were washed 3 times with 250 |il 
buffer W2 and the purified GFP was one-step eluted by the addition of 10 mM biotin in 50 ixl 
buffer W2. The eluted GFP was quantified by a method according to Bradford and the amount 
was set into relation with the amount initially offered. 
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As shown in Figures 3.L1 and 3.1.2 FIGs. 3A-1 and 3A-2. the yield of GFP di-tag 
fusions was doubled in comparison to the mono-tag fusion protein. 

Please replace the paragraphs beginning at page 31, line 30 and ending at page 32 line 15 
with the following amended paragraphs: 

The magnetic beads were pre-treated as described above (Example 3.1). 2 mg beads were 
distributed on the reaction vessels. 5 ^g GFP with the different tags were diluted ad different 
volumes with a crude lysate at half concentration prepared in buffer W2. The spiked solution was 
mixed with 2 mg Strop Taotin STREP-TACTIN® coated magnetic beads. The mixture was 
incubated at ambient temperature for 30 min. Then, the beads were washed 4 times with 250 ^1 
buffer W2 for 3 min at each step and the purified GFP was one-step eluted by the addition of 10 
mM biotin in 50 ^il buffer W2. The eluted GFP was quantified by a method according to 
Bradford using purified GFP as standard and the amount was set into relation with the amount 
initially offered. 

As can be seen from Figure 3.2 FIG. 3B the absolute yield is significantly higher for the 
di-tag 3 fusion protein at the initial concentrations tested here. Furthermore, the yield dropped in 
this experiment by approximately 50 % from the highest to the lowest initial concentration for 
the mono-tag fusion protein while only 20 % got lost for the di-tag 3 fusion protein. This shows 
that the initial concentration has a higher influence on the yield for the mono-tag fusion protein 
than for the di-tag 3 fusion protein. 

Please replace paragraphs beginning at page 32, line 21 and ending at page 33, line 8 with 
the following amended paragraphs: 

After expression in E. coli, cells from 1 liter culture were pelleted and resuspended in 10 
ml buffer W2 (see above). Cells were lysed via sonification and the lysate was centrifuged to 
remove insoluble materials. Then 60 ^1 of the supernatant were mixed with 40 ^il buffer W2 and 
2 mg magnetic beads coupled with Strop Tactin STREP-TACTIN® were added. After an 
incubation of 30 minutes, the beads were washed 3 times with 250 ^il of buffer W2. Finally, 
bound and purified GFP fusion protein was eluted with 50 \x\ of buffer W2 containing 10 mM 
biotin. 
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The yield of GFP fused to the mono-tag was 4.2 \ig versus 17.6 ^ig GFP fused to di-tag 3. 

In order to verify that purification via the di-tag leads not only to improved recovery of 
the recombinant protein via batch purification but also to highly pure material that can be 
compared in terms of purity with purifications via the mono-tag, the eluted protein fi-action after 
application of biotin was analyzed via SDS-PAGE followed by Coomassie staining ( Figaro 3.3 
FIG. 3Q . On lane 1, 0.4 \ig eluted GFP fiised to the mono-tag and on lane 2, 1.5 ng eluted GFP 
fused to di-tag 3 were applied. As can be seen, highly pure recombinant can be produced, 
irrespective whether the Strep-mono-tag or di-tag is used. However, the di-tag may lead to 
clearly improved yields. 

Please replace the paragraphs beginning at page 33, line 1 1 and ending at page 33, line 30 
with the following amended paragraphs: 

Real-time Strop Tactin STREP-TACTIN® binding behavior characterization of the di- 
tag3 versus the mono-tag when fused either to GFP or BAP and analyzed via plasmon surface 
resonance in a biacore apparatus on a CM5 chip. 

The CM5 chip was activated witii standard EDC/NHS chemistry and Strop Taotin 
STREP-TACTIN® mutant 1 was coupled at 2722 RU (arbitrary units). Then purified BAP or 
GFP in buffer W was injected to the flow cell of the chip at a flow rate of 30 \iVmm. After 
association phase was completed (180 seconds), running solution was changed to buffer W 
without protein and dissociation phase was observed for 400 seconds. Then, buffer W containing 
2.5 mM desthiobiotin was injected for 60 seconds followed by change to buffer W again. 

The following can be considered from the sensorgrams shown in Figure 1.1 and 1.2 FIGs. 
4A and 4B : 

1. The ditag3 mediates a higher enrichment of BAP or GFP at the Strop Taotin 
STREP-TACTIN® coated chip surface. 



Please replace the paragraph beginning at page 33, line 35 with the following amended 
paragraph: 
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3. Desthiobiotin mediates fast removal of the remaining di-tag 3 variant (the 
increase/decrease of RU at the beginning/end of desthiobiotin application results from 
binding/removal of desthiotbiotin to/off Strop Tactin STREP-TACTIN®) 



